The Tosa-no-Onagadori (briefly Onagadori) is one of the native Japanese chickens that is characterized by extremely long tail feathers in males, and thus designated as a "Special National Natural Treasure" of Japan. We investigated the timing of sexual maturity of the Onagadori and White Leghorn hens and the quality of the first 10 eggs laid by these young hens to obtain basic information for reproducing the Onagadori efficiently and also to assess their usefulness as research material for quantitative trait loci (QTL) analysis of egg-related traits. Onagadori and White Leghorn hens reached sexual maturity at around 237 and 192 days of age, respectively. The repeatability, a genetic parameter, of 22 egg quality traits including weight, size, and color of the eggshell, albumen, and yolk was estimated to be 0.14-0.61 and 0.15-0.83 for the Onagadori and White Leghorn, respectively, which indicated the stability of Onagadori eggs as well as the White Leghorn and further suggested that young Onagadori hens lay eggs with suitable quality to produce more offspring from their earliest egg laying stage. Principal component analysis with the 22 egg quality traits revealed five principal components explaining 79.70% of the total phenotypic variance. One-way ANOVA revealed differences between the two breeds in PC2 (heights of the albumen and yolk, size of the whole egg, and weights of the whole egg and albumen), PC3 (eggshell color), and PC4 (weight, thickness, and strength of the eggshell), which means that besides cultural assets the Onagadori is also valuable for QTL analysis of egg-related traits, for which phenotypic differences are quite useful for detecting corresponding loci.
Introduction
Most native Japanese chickens, which consist of approximately 50 breeds, were established for ornamental purposes, e.g., for enjoying beautiful figures and prolonged crowing of males (Tsudzuki, 2003) . Due to their selection history as ornamental birds, native Japanese chickens seem to have conspicuous genetic backgrounds different from those of layers and broilers. In fact, microsatellite analyses revealed that they mostly show a large genetic distance when compared with foreign breeds (Osman et al., 2006) . In recent years, many quantitative trait loci (QTLs) for growth-, meat-, and egg-related traits were identified using some native Japanese chicken breeds Fujinaka, 2001a, 2001b; Tsudzuki et al., 2007; Uemoto et al., 2009 Uemoto et al., , 2011 Goto et al., 2011 Goto et al., , 2014a Goto et al., , 2014b Rikimaru et al., 2011; Yoshida et al., 2013) , which suggests that native Japanese chickens are valuable genetic resources for understanding genetic architecture underlying the phenotypic traits.
Tosa-no-Onagadori (briefly Onagadori; Japanese Extremely Long Tail) is one of the most famous chicken breeds in Japan, because males have extremely long tail feathers and saddle hackles (Tsudzuki, 2003) . Due to their novelty, the Japanese Government designated the Onagadori as a "Special National Natural Treasure" in 1952 (The Cultural Properties Protection Committee of Japan, 1953) . Regardless of the importance of the Onagadori as living cultural assets, the current number of reared Onagadori is not enough to conserve them stably. Thus, genetic studies for the conservation of the Onagadori have been performed in the Japanese Avian Bioresource Project Research Center, Hiroshima University (Tadano et al., 2009; Oka et al., 2014) .
The quality of egg-related traits is important from the viewpoints of conservation and industrial use. Fulton (2004) and Roberts (2004) defined some egg-related traits such as age at the first egg, egg weight, eggshell thickness, albumen size, and yolk color, as egg production and quality traits. In the present study, we analyzed over 20 kinds of egg-related traits including weight, size, and color of the three major egg components (eggshell, albumen, and yolk) in the Onagadori in comparison with the White Leghorn. The principal component analysis using these traits can generate more intensive data from multivariate. By analyzing the relationship among egg quality traits with principal components, characteristics of eggs will be understood more.
Repeatability is one of the important genetic parameters used to assess the accuracy of trait measurements (Falconer and Mackay, 1996) . In the present study, egg quality traits were measured using the first 10 eggs laid, and therefore it was possible to see the variation within individuals for several kinds of egg quality traits simultaneously. By estimating the repeatability, egg traits measured around sexual maturity can be investigated whether they are stable or not. If the value of repeatability is high, we can reduce the number of eggs measured to collect accurate data. Moreover, the stabilization of eggshell quality will lead to high hatching rate from the early egg laying stage and to the production of more healthy offspring throughout their life spans (Liao et al., 2013) . Since the egg-related traits are called reproductive traits, it will therefore be essential for the conservation of the Onagadori to know fundamental reproductive traits including age at the first egg that indicates the timing of sexual maturity. These basic data will help to conserve the Onagadori into the future.
In the present study, we described the characteristics of egg-related traits of the Onagadori in comparison with those of a traditional layer chicken breed, White Leghorn.
Materials and Methods

Animals
We used 22 Onagadori (ONA/HU line) and 14 White Leghorn (CBP/HU line) hens to evaluate egg quality traits. Both the ONA/HU and CBP/HU lines were established in the Laboratory of Animal Breeding and Genetics, Graduate School of Biosphere Science, Hiroshima University. The ONA/HU line has its origin in the crossbreeding of the Onagadori from Kochi and Mie Prefectures, Japan, while the CBP/HU line was established based on the hybrids between the CB strain (Reynaud et al., 1987) and Cornell P strain (Cole, 1968; Briles and Briles, 1982) . All hens were reared under the same environmental conditions as described by Tsudzuki et al. (2007) . After six weeks of age, hens were kept under a photoperiod condition of 14 h light and 10 h dark. Feed and water were supplied for ad libitum consumption.
Trait Measurements
We recorded the age at first egg (AFE) for individual hens. We also measured egg quality traits of the first 10 eggs within each laying day. Egg quality traits measured were egg weight (EW), eggshell weight (SW), lengths of the long and short axes of the egg (LLE and LSE, respectively), eggshell thickness of the narrow end, blunt end, and equator of the egg (STN, STB, and STE, respectively), eggshell strength (SS), lightness, redness, and yellowness of the eggshell color (SCL, SCR, and SCY, respectively), albumen weight (AW), yolk weight (YW), albumen height (AH), yolk height (YH), lengths of the long and short axes of the thick albumen (LTA and STA, respectively), lengths of the long and short axes of the yolk (YL and YS, respectively), lightness, redness, and yellowness of the yolk color (YCL, YCR and YCY, respectively) , and the ratio of eggs with the blood and meat spots (SPOT%). SPOT% was calculated from the number of eggs with spots per 10 eggs. SS was measured at the pole by using an eggshell strength tester (Fujihira Industry, Tokyo, Japan). Eggshell and yolk colors were measured with a Minolta Chroma Meter CR-300 (Konica Minolta, Tokyo, Japan). AH and YH were measured using an egg quality meter (Fujihira Industry). The ABS digital caliper (Nakamura Mfg., Nagano, Japan) was used for LTA, STA, YL, and YS measurement as described in Goto et al. (2014a Goto et al. ( , 2014b . We found only one soft shell egg laid by Onagadori and excluded it from the analysis. There was no double-yolked egg in both breeds.
Statistics
For comparisons of phenotypic values between the Onagadori and White Leghorn, we performed one-way analysis of variance (ANOVA) with StatView for Windows software version 5.0 (SAS Institute Inc., Cary, NC, USA). Statistical significance was set as P＜0.05.
We estimated repeatability (R) for egg quality traits of the Onagadori and White Leghorn with the following formula based on variance components derived from one-way Lessells and Boag, 1987; Nakagawa and Schielzeth, 2010) , where MS B is the mean between-individual sum of squares, MS W is the mean within-individual sum of squares, and n 0 is the sample size per individual.
We performed principal component analysis with the software SPSS version 14.0J for Windows (SPSS Inc., Chicago, IL, USA). In order to investigate the relationship among egg quality traits, we used 22 egg quality traits as listed in Table 1 . We excluded AFE and SPOT% in this analysis because these are an egg production trait and a binary trait, respectively. In the present study, we excluded eggs that have missing values in the 22 traits, and hence used 202 and 135 eggs of the Onagadori and White Leghorn, respectively. Prior to the principal component analysis, we performed standardization for all trait data. The principal component analysis was carried out using varimax rotation and eigenvectors were calculated. Table 1 , one-way ANOVA revealed that the Onagadori showed a significantly higher AFE value than that of the White Leghorn. The weight and sizes of the egg (EW, Journal of Poultry Science, 52 (2) LLE, and LSE) in the Onagadori were significantly lower than those of the White Leghorn. The SW and SS of the Onagadori were significantly lower and higher than those of the White Leghorn, respectively. There were different trends in eggshell thicknesses (STN, STB, and STE) between the two breeds depending on the eggshell regions measured. The Onagadori showed a significantly higher STB value than that of the White Leghorn, whereas STN and STE values were comparable between the two breeds. The lightness of the eggshell (SCL) was significantly lower in the Onagadori than in the White Leghorn, although the redness and yellowness of the eggshell (SCR and SCY) were significantly higher in the Onagadori. The Onagadori showed significantly lower values of the weight and height of the albumen (AW and AH) than those of the White Leghorn, whereas there were no significant differences in the sizes of the albumen (LTA and STA). The weight, height, and size of the yolk (YW, YH, YL, and YS) in the Onagadori showed significantly lower values than those of the White Leghorn, except for the YS value. There were no significant differences between the two breeds in the yolk colors (YCL, YCR, and YCY). Also, there was no significant difference in the ratio of the eggs with blood and meat spots (SPOT%).
Results
As shown in
Repeatabilities for 22 egg quality traits were estimated in the Onagadori and White Leghorn (Table 2) . Repeatability estimates were calculated to be 0.14-0.61 and 0.15-0.83 for the Onagadori and White Leghorn, respectively. Although repeatabilities of the Onagadori were comparable to those of the White Leghorn in most traits, there were some differences (＞0.30) between the two breeds in several traits. In particular, repeatabilities of SCY and YCL in the White Leghorn were 0.83 and 0.51, respectively, whereas those in the Onagadori were 0.44 and 0.14, respectively.
Principal component analysis with 22 egg quality traits revealed five principal components (PC1, PC2, PC3, PC4, and PC5) as shown in Table 3 . PC1, PC2, PC3, PC4, and Goto et al.: Egg- , we hypothesized what these principal components mean. PC1 would mean sizes of the albumen and yolk, albumen height, and yolk weight. PC2 would mean heights of the albumen and yolk, size of the whole egg, and weights of the whole egg and albumen. PC3 would mean eggshell colors. PC4 would mean weigh, thickness, and strength of the eggshell. PC5 would mean yolk colors. Radar charts with these five principal components are shown in Fig. 1 . One-way ANOVA revealed that the Onagadori showed significantly lower PC2 and PC3 values than those of the White Leghorn (p＜0.0001 for both). Although PC4 value of the Onagadori was significantly higher than that of the White Leghorn (p＝0.0018), there were no differences in PC1 and PC5 (p＝0.3697 and 0.8936, respectively).
Discussion
In the present study, age at first egg and egg quality traits of the native Japanese chicken breed, Onagadori, were compared with those of the White Leghorn (CBP line). From the data of age at first egg, the present study revealed that Onagadori and White Leghorn hens reach sexual maturity around 237 and 192 days of age, respectively. This seems to be the first report of the sexual maturity of Onagadori hens. Prior to the present report, Goto et al. (2011) reported that the age of first egg in the Oh-Shamo and White Leghorn (CB strain) are 246 and 199 days in average, respectively. Although the body size of the Onagadori and White Leghorn is similar to each other, the White Leghorn reached sexual maturity faster than the Onagadori. However, this is not a surprising result because it is well known that layer breeds show rapid sexual maturity (Hocking et al., 2003; Wolc et al., 2011) . The Onagadori is a typical ornamental breed and has never been subjected to selection for laying ability. On the other hand, it was unexpected that the Ongadori showed a similar age of sexual maturity to that of the Oh-Shamo because the former has an apparently smaller body than the latter and was thought to reach sexual maturity more rapidly than the Oh-Shamo. Recently, Ohara et al. (2013) reported the growth curve of the Onagadori chickens. Besides that report, the present study revealed a novel finding about the age of sexual maturation of the Onagadori. These fundamental data will add to our knowledge on how to conserve the Onagadori, along with the data of genetic diversity obtained with molecular markers (Tadano et al., 2009; Oka et al., 2014) .
Repeatability is an index to evaluate stabilization of target traits (Falconer and Mackay, 1996) . In the present study, the repeatability estimated for quality traits in the eggs laid at the first egg laying stage was 0.14-0.61 and 0.15-0.83 in the Onagadori and White Leghorn, respectively. Until now, repeatability has been estimated to be 0.24-0.33 for fertility in broiler chickens (Wolc et al., 2009) -0.65 for weight and size of the egg in Gray Partridge (Cucco et al., 2006) . The repeatabilities estimated in the present study were comparable to these previous reports. Also, repeatabilities of most egg quality traits were similar between the Onagadori and White Leghorn, which would lead to the conclusion that characteristics of Onagadori eggs are stable as well as those of the White Leghorn, a typical layer breed, from the earliest laying stage. The stability of the early egg characteristics is thought to result from the condition that both the Onagadori (ONA/HU line) and White Leghorn (CBP/HU line) have never been subjected to recent intensive selection for laying ability. Furthermore, PC4 in principal component analysis indicated that Onagadori hens lay eggs with better eggshell quality than the White Leghorn. Egg quality traits are significantly correlated with hatchability which is one of the most important reproductive traits (Wolc et al., 2010) . Wolc et al. (2010) also reported that egg quality traits could provide some indication on hatchability under the situation in which individual recording of hatchability is not available. Additionally, Narushin and Romanov (2002) reviewed that thick eggshells and the interior consistency of the egg are important for more successful hatching of embryos. Moreover, repeatabilities estimated from 133 eggs laid by 19 Onagadori hens at 300-314 days of age were 0.13-0.72 (unpublished data), similar to the values of 0.14-0.61 estimated for the eggs at the earliest laying stage. Thus, Onagadori hens are thought to lay eggs of superior quality from the earliest egg laying stage and that may lead to high hatchability to produce more offspring. In Nankoku City, the place of origin of the Onagadori, the number of the Onagadori reared is not so large (Tadano et al., 2009; Oka et al., 2014) , and the Onagadori breeders and city government are strongly concerned about the future reduction of the number of the Onagadori. Under such a situation, almost all eggs laid by Onagadori should be used to produce many offspring because Onagadori hens lay less number of eggs in their lives than White Leghorn hens. From the conservational point of view, we propose that use of early eggs for reproduction is one of the efficient methods to obtain more number of individuals. Therefore, the present study will provide valuable insights towards conserving the Onagadori into the future.
Principal component analysis divided the data from 22 egg quality traits into five principal components. As described in the Results, there was no difference between the Onagadori and White Leghorn in PC1 (sizes of the albumen and yolk, albumen height, and yolk weight) and PC5 (yolk colors). However, differences were found in PC2 (heights of the albumen and yolk, size of the whole egg, and weights of the whole egg and albumen), PC3 (eggshell colors), and PC4 (weight, thickness, and strength of the eggshell) between the two breeds. The differences observed in PC2, PC3, and PC4 indicate that Onagadori eggs have apparently different features from those of the White Leghorn in eggshell-related traits and the volume of the whole egg and albumen. Thus, the Onagadori will be a useful material for analyzing genetic loci affecting the variation of these egg-related traits as in the case of the Oh-Shamo (Tsudzuki et al., 2007; Goto et al., 2011 Goto et al., , 2014a Goto et al., , 2014b Yoshida et al., 2013) . The plural traits in the same principal component might be controlled partially by the same genetic basis. Thus, genetic analysis with principal components will reveal new insights to understand the mechanism of the genetic control of egg quality traits, as shown in the growth curve trait of chickens (Le Rouzic et al., 2008) and the postnatal growth trait of mice (Ishikawa and Namikawa, 2004) .
In summary, the present study revealed the importance of the Onagadori as a genetic resource and also gave us valuable information for future conservation of the Onagadori.
